Interlaboratory comparison of radioimmunoassay results
Variation produced by different methods of calculation S. L. JEFFCOATE* AND ROSE E. G. DAS From the National Institute for Biological Standards and Control, Holly Hill, Hampstead London NW36RG ' Table I Count data sent to the laboratories External quality control (QC) schemes for the radioimmunoassay of hormones are becoming more widely used, those organised by the Supraregional Hormone Assay Service in the United Kingdom and by the Human Reproduction Unit of the World Health Organisation being notable examples. Experience of these has shown that if several laboratories are asked to assay an unknown sample independently, the scatter of results shows, at best, a coefficient of variation (CY) of 20 to 30 %. One factor that probably contributes to this is the method of calculation and the following simple experiment was designed to test this. two methods. These have been included so giving a total of 36 replies, although the assumption of independent results is questionable in these cases.
Method
The results classified according to the method used are shown in Table 2 . Eight used logit-log transforms (one of which used a manual plot on logit-Iog paper); four used linear interpolation either of bound (B) against log dose (two cases) or of liB against dose (two cases); two used spline function; one used a progressive quadratic; two were unspecified. The remaining 19 reports were based on manual plotting methods, usually of % 8 against log dose. Three results (1·7 %of the total) appeared to be transcription or arithmetical errors; in one instance this was definitely so since the drawn standard curve was available to us for examination. One result was reported as being > 10. These four results were excluded from the statistical evaluation. SAMPLE I The analysis of the results is given in Table 3 . Although the mean result, 3·97 u/I, was encouragingly the same by all methods, a range from 3·2 to 258 Thirty-five laboratories participating in the UK scheme for the QC of gonadotrophin and prolactin radioirnmunoassays were sent the assay count data shown in Table 1 . Each was asked to process the standard curve, interpolate the unknowns, and report the calculated estimate of samples 1 to 5 giving a brief description of the computation method used. Readers may aiso like to do this before examining Table 2 . The mean and standard deviation of the estimates of the unknown samples were calculated for the whole group and then for subgroups, classified according to the method used.
Results
Thirty-two participants sent back results; one laboratory stated that its computer program was unable to handle standards diluted in this way. Three complained about not being told the total counts; one wished to know the counting time. Both of these we consider to be irrelevant piecesof'information. Four of the laboratories reported results by
Methocl
Sample number Table 2 Reported results on unknown samples I to 5 (uli) Progressive quadratic 3·g
The results on this sample revealed the way in which laboratories define the sensitivity of their assays. None of the responders utilised the six zero antigen (Bo) values provided to calculate the precision (SD) of the Bo which was the only valid statistical estimate of the lowest detectable dose in the assay (Ekins, 1974) . The dose intercept of Bo less 2 SD (9635 counts) is 0·16 u/I by both the manual linear log and linear interpolation methods. Thus sample 5 might have been more correctly reported as < 0·16 u/1. Two of the manual methods gave 0·1 and 0'2 as the lowest detectable dose, but 23 out of the 36 reports used the lowest standard as the detection limit ignoring the perfectly usable part of the standard curve between 0·16 and 0·5 u/L None appeared to use the arbitrary 90 % B/Bo figure which would have given a value of about 0·7 u/L Four of the legit-log procedures gave potency values of 0·1 u/l without any indication of the reliability of the result. SAMPLES 3 AND 4 Twenty-two out of 36 reported the results on these to be the same. The remainder claimed to find a difference between them which ranged from 0'01 to 0'10 u/1. similar (7,67 %). In this instance the counts were not on the 'linear' part of the curve and the logit-Iog had a CV one-sixth that of manual methods which produced a range of values from 12·1 to 16·9 u/l and one of > 10 u/I which was excluded from the statistics.
3·7 4·3 4-3 tGraphical method used. 1Results excluded from statistical analyses.
5·3 was found within the manual group. The % CV was 7·81 for the whole group, and was about three times greater using manual methods than by logitlog.
SAMPLE 2
The overall variation in results (Table 3) 
was
There are numerous reasons for the variance in radioimmunoassay estimates between laboratories. Notable among these are the reagents: use of a common standard or reference material is mandatory and standardisation of antisera, tracer, separation system, and other secondary reagents is preferable. The importance of this and the development of common recommended assay procedures has been recognised in recent years particularly by the UK Supraregional Assay Service and WHO. Success or otherwise of these programmes remains to be proved. The current study, which bypassed the differences caused by reagents and methodology, has revealed and quantitated an important source of variationthat owing to the method of calculation. Even a sample on the linear part of the curve had a CV of 8 %. Since the samples in this region are usually assayed with a between-laboratory CV of about 25 % (unpublished data from UK gonadotrophin QC scheme) about one-third of the CV appears to be caused by differences in calculation. Thus standardisation of assay calculation should be considered an essential part of total assay standardisation. Manual methods were, as expected, more variable than computerised methods based on logit-log although this should not be taken as an endorsement of the latter. Possible sources of error in the manual methods are: mis-plotting of points, mis-reading of unknown, calculation errors-for example, of duplicates and transcription errors. Other computerised transforms-for example, by linear interpolation-may give more consistently unbiased results (Challand et al., 1976) . This study was based on too few samples to assess this with confidence.
The other finding was that laboratories are unaware of and unable or unwilling to quantitate the S. L. Jeffcoate and Rose E. G. Das limitations and potential of their assays, although to be fair, they were not specifically asked to do so. An example of this was the inappropriate use of three significant figures in the reports of some laboratories , (including the reporting by some of a difference between samples 3 and 4) and the failure to define the lowest detectable dose statistically. It is clear that education of laboratories on methods of computation and possible sources of error could be repaid by an improvement in the significance and reliability of the results.
We are grateful to all the participants in the QC scheme who agreed to take part in the experiment.
